Background: There are limited data on the relationship between patient and site characteristics and clinical outcomes after intracranial stenting.
Large artery intracranial atherosclerosis accounts for approximately 8 -10% of ischemic strokes in the United States. 1, 2 Ethnic and racial differences result in higher frequencies of stroke from this disease in Asian, black, and Hispanic subjects as compared with white subjects. 1, 3, 4 The Warfarin vs Aspirin for Symptomatic Intracranial Disease study revealed that certain subgroups of patients with intracranial arterial stenosis remained at a high risk of stroke while on antithrombotic therapy. Analysis revealed that the severity of stenosis was the most powerful predictor of stroke in the territory and patients with a history of TIA or stroke in the territory of a 70 -99% stenosis had a stroke rate of 18% at 1 year while on antithrombotic therapy. 5
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Intracranial angioplasty and stenting are evolving as possible treatment options for these high-risk patients but results from single-center (Ն10 patients) series to date show wide variability in periprocedural complications. Major periprocedural complications including stroke or death within 30 days of stenting have been reported in 0 to 36% of patients. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Patient and site characteristics may contribute to this wide variability in outcomes after intracranial angioplasty and stenting but there are limited data available. The NIH Multicenter Wingspan Intracranial Stent registry provided a unique opportunity to evaluate risk factors associated with major cerebrovascular complications after intracranial stenting.
METHODS This is a post hoc analysis of a previously published study. Details of the study population, recommended treatment protocol, and stenting procedure have been described previously. 17 Each participating site was required to obtain institutional review board approval for the registry data collection, performed in accordance with the Health Insurance Portability and Accountability Privacy Act. Sixteen sites met all these criteria and participated in the registry.
Briefly, all patients undergoing intracranial angioplasty and stenting with Gateway ® balloon angioplasty and placement of the Wingspan ® intracranial stent (Boston Scientific, Fremont, CA) under the humanitarian device exemption (patients with 50 -99% stenosis of a major intracranial artery with a cerebral ischemic event while on antithrombotic therapy) at 16 participating sites were potential candidates for the NIH Multicenter Wingspan Registry. Patients were excluded if they received concurrent treatment with two stents for tandem intracranial stenoses or if stenting was used to treat an acute ischemic stroke.
Patients were treated with aspirin (81-325 mg daily) and clopidogrel (Plavix ® , Bristol-Myers Squibb/Sanofi Pharmaceuticals, Bridgewater, NJ) 75 mg at least 3 days before the procedure or loaded with clopidogrel 300 mg and aspirin (81-325 mg daily) within 24 hours of the procedure. Unfractionated heparin was administered during the procedure. Predilation of the lesion was performed with the Gateway balloon diameter estimated at 80% of the normal vessel size and length approximated to the lesion. The stent diameter was sized to be equal to or the next size up from the largest vessel diameter with length estimated to cover the lesion plus 3 mm on either side of the lesion. After the procedure, patients were admitted to an intensive care or stroke unit for 24 hours of monitoring. Aspirin (81-325 mg daily) was recommended throughout follow-up and clopidogrel (75 mg daily) was recommended for at least 4 weeks after stenting.
Evaluation of outcomes.
The primary endpoint for this study was defined as any stroke or death within 30 days of stenting or ischemic stroke in the territory of the stented artery beyond 30 days. Procedural-related complications within 24 hours including arterial dissection, vasospasm, vessel perforation, and acute stent thrombosis were also evaluated. Technical success was defined as balloon angioplasty and stent placement across the target lesion with less than 50% residual stenosis on immediate postprocedure angiography.
Follow-up information was obtained on each patient through review of medical records, personal interview, or telephone contact. Patients were followed to the date of stroke, death, or last contact. Adjudications of all strokes and stenting complications were performed by the local study investigators only.
Statistical analysis. Baseline features and angiographic results
are presented as means (ϮSD) and as percentages with 95% confidence intervals (CIs) for binary clinical outcomes calculated using the exact binomial method. The cumulative probability of the primary endpoint (any stroke or death within 30 days or stroke in the territory after 30 days) over time was estimated using the Kaplan-Meier (product limit) method with pointwise CIs calculated using the log cumulative hazard transformation.
Univariate analyses to assess patient and site characteristics associated with the primary endpoint were done with the logrank test. Continuous factors were categorized into two groups; analyses without categorizing yielded similar results. Cox proportional hazards regression was used to calculate the hazard ratio and the 95% confidence interval (CI). A multivariable Cox proportional hazards model incorporated all variables that were associated with the primary endpoint in the univariate analysis at the p Ͻ 0.10 level. Since all factors in the model had p values Յ0.064, no further selection procedures were utilized. Cerebrovascular complications within 24 hours between high (enrolled Ն10 patients) and low enrollment sites (enrolled Ͻ10 patients) were compared using Fisher exact test.
RESULTS Baseline and procedural characteristics.
During an 11-month period, 160 patients were treated with the Gateway balloon and Wingspan stent system. Cerebral angiography confirmed that 99% (158/160) of patients had a 50 -99% intracranial stenosis and these 158 subjects are included in this analysis. Baseline and procedural characteristics are shown in table 1. The mean age of patients in the registry was 63.9 Ϯ 12.6 years, 83% were white, and 44% were female. Stroke was the indication for stenting in 59%. Median time from qualifying event to stenting was 10 days (range 0 -275 days) with 37% of patients undergoing stenting within 5 days of their qualifying event.
The stented arteries included the middle cerebral artery in 34%, intracranial carotid artery in 26%, intracranial vertebral artery in 23%, and basilar artery in 17%. Mean pre-stenting percent stenosis was 77 Ϯ 13%. Technical success was achieved in 97% with mean post-stenting percent stenosis of 21 Ϯ 15%. Follow-up cerebral angiography was performed in 70 patients (44%) at a mean of 4.9 Ϯ 2.4 months with re-stenosis Ն50% seen in 17 patients (24%).
Primary endpoint during follow-up. Median follow-up in the study was 5.4 months. Any stroke or death occurred in 5.0% (95% CI ϭ 2.5% to 9.7%) of patients within 24 hours of the stenting procedure and in 9.2% (95% CI ϭ 5.6% to 15.1%) of patients within 30 days. The primary endpoint (any stroke or death within 30 days or stroke in the territory of the stented artery beyond 30 days) at 6 months occurred in 13.9% (95% CI ϭ 5.9% to 21.1%).
Factors associated with the primary endpoint. Risk factors that were associated with a significantly higher rate of the primary endpoint after stenting on univariable (table 2) and multivariable analyses were posterior circulation stenosis (vs anterior circulation) (HR 3.4, 95% CI 1.2-9.3, p ϭ 0.018), stenting at low enrollment site (vs high enrollment site) (HR 2.8, 95% CI 1.1-7.6, p ϭ 0.038), Յ10 days from qualifying event to stenting (vs Ն10 days) (HR 2.7, 95% CI 1.0 -7.8, p ϭ 0.058), and stroke as a qualifying event (vs TIA/other) (HR 3.2, 95% CI: 0.9 -11.2, p ϭ 0.064). Kaplan-Meier curves for each of these risk factors are shown in figure 1 . There was no significant difference in the primary endpoint based on age, gender, race, or baseline percent stenosis (Ͻ70% vs Ն70%).
Complication rates within 24 hours after stenting based on site experience. Low enrollment sites (enrolled Ͻ10 patients each) included 10 centers that collectively enrolled 41 patients. High enrollment sites (enrolled Ն10 patients each) included 6 centers that collectively enrolled 119 patients. Baseline characteristics between the two groups were similar in gender, age, race, stroke as qualifying event, location of symptomatic intracranial stenosis, and the time from qualifying event to stenting. Low enrollment sites had a higher mean pre-stenting percent stenosis than high enrollment sites (low enrollment 81%, high enrollment 76%, p ϭ 0.036), although the percent of patients with high grade stenosis (Ն70%) was similar between the two groups (low enrollment 85%, high enrollment 79%, p ϭ 0.37). Technical and angiographic results were also similar in both groups with high rates of technical success (high enrollment 98%, low enrollment 95%, p ϭ 0.28) and low post-stenting percent stenosis (high enrollment 22 Ϯ 22%, low enrollment 20 Ϯ 12%, p ϭ 0.49). Follow-up angiography was performed more frequently at high vs low enrollment sites (high enrollment 52%, low enrollment 20%, p ϭ 0.0003), although time from stenting to follow-up angiography and re-stenosis rates were not significantly different between the two groups (high enrollment 38%, low enrollment 23%, p ϭ 0.39).
Patients at low enrollment sites had significantly higher rates of cerebrovascular complications (stroke, TIA, intracerebral hemorrhage, vasospasm, parent vessel dissection, parent vessel perforation, or acute stent thrombosis) at 24 hours compared with patients at high enrollment sites (low volume 29.3%, high volume 5.0%, p ϭ 0.0001). Specific cerebrovascular complication rates of both groups are shown in figure 2. Low enrollment sites had significantly higher rates of all stroke and ischemic stroke in the territory than high enrollment sites. Other complications, including hemorrhage, TIA, acute stent thrombosis, parent vessel vasospasm, dissection, and perforation, were numerically higher at low enrollment sites compared with high enrollment sites but were not significantly different. An analysis of patients treated early in the sequence (up to the initial five patients) at low and high enrollment sites revealed that cerebrovascular complications remained significantly higher at low enrollment sites (low enrollment 32.4%, high enrollment 6.7%, p ϭ 0.013). DISCUSSION We found that patients who underwent intracranial angioplasty and stenting for symptomatic intracranial stenosis of 50 -99% had a significantly higher risk of the primary endpoint (any stroke or death within 30 days of stenting or ischemic stroke in the territory of the stented artery beyond 30 days) if they had a posterior circulation stenosis, were treated at low volume sites, were stented soon after a qualifying event, or had a stroke as the qualifying event rather than a TIA. As seen on the Kaplan-Meier curves, patients with any of these risk factors appeared to have an elevated risk of the primary endpoint beginning within the first week after intracranial stenting. Several case series have previously reported clinical outcomes in patients who underwent intracranial angioplasty and stenting of the posterior circulation. 6, 13, 15, 18, 19 In one early case series, any stroke or death within 30 days was reported in 4 of 11 patients treated with a coronary stent. 6 A more recent and larger case series from China included 79 patients treated with a coronary or intracranial stent and reported a 30-day stroke or death rate of 4.6%. 15 The Stenting of Symptomatic Atherosclerotic Lesions in the Vertebral or Intracranial Arteries study, a multicenter nonrandomized prospective study using the NEUROLINK system, reported a 30-day risk of stroke in 6.6% (4/61) of patients, including three ischemic strokes in the posterior circulation and one subarachnoid hemorrhage. 20 Some authors have suggested that there may be an increased risk of perforator strokes associated with stenting of the basilar artery due to compression of plaque into perforator ostia. 21 In our patient registry, we found that patients who underwent stenting of their basilar arteries had a trend toward higher rates of the primary endpoint than patients who underwent vertebral artery stenting, although this did not reach significance (basilar artery 30%, vertebral artery 14%; logrank p ϭ 0.12).
Patients treated at low enrollment sites also had significantly higher rates of the primary endpoint than patients treated at high enrollment sites, with the majority (51%) of events at low enrollment sites occurring within 24 hours of the procedure. Mean pre-stenting percent stenosis was higher at low volume sites compared with high volume sites, suggesting that the patients at low volume sites may have been at a higher risk. It is important to note, however, that the number of patients with pre-stenting stenosis of Ն70% was similar between the two groups. Other potential differences in baseline features of patients at low vs high enrolling sites that were not measured in this study could have contributed to the differences in outcomes of these two groups.
Figure 1
Kaplan-Meier curves for risk factors associated with the primary endpoint (stroke or death within 30 days or stroke in territory after 30 days) over median follow-up of 5.4 months
Figure 2 Cerebrovascular complication rates within 24 hours at low enrollment vs high enrollment sites
Differences in periprocedural adverse events between low and high enrollment sites in our study may represent differences in the procedural experience of interventionalists at the various sites before enrollment in the registry. Interventionalists at high enrollment sites likely performed more intracranial angioplasty and stenting procedures before enrollment in the registry than interventionalists at low enrollment sites. A similar procedural learning curve has previously been demonstrated to influence clinical outcomes in carotid endarterectomy [22] [23] [24] and carotid stenting 25, 26 with a decrease in periprocedural complications associated with more procedural experience. If this learning curve is not achieved with stenting for intracranial arterial stenosis, the high rate of periprocedural complications may outweigh any potential benefit of stenting.
Intracranial angioplasty and stenting within 10 days of the qualifying event and stroke as the qualifying event were both found to be risk factors for the primary endpoint with trends toward significance. While angioplasty and stenting soon after a stroke may be associated with poststroke cerebrovascular hemodynamic changes, the trend toward a higher risk of major cerebrovascular complications in stenting soon after the qualifying event persisted even after adjusting for stroke as the qualifying event. It is possible that recent events (stroke or TIA) may be associated with unstable atherosclerotic plaque that increases the risk of stenting. Notably, patients with recent ischemic symptoms and stroke as the qualifying event are also at a high risk of recurrent ischemic events on medical therapy. 5 Therefore, optimizing the time of stenting to minimize the risk of stroke should be a focus of research in this area.
Limitations of our study include the lack of central adjudication of events and cerebral angiograms and the lack of prospective follow-up of study patients. Because in-person follow-up was not required and relied on patient self-report, the risk of stroke may have been underestimated. In addition, since the main focus of the registry was to collect preliminary data on the periprocedural complications of intracranial stenting, detailed information on medical comorbidities, the number of intracranial stenting procedures performed by interventionalists at the various sites before inclusion into the registry, and violations of the recommended protocol were not collected. This limits our ability to correlate medical comorbidities, previous stenting experience, and protocol violations with outcome following stenting. Finally, because we did not obtain data on patients treated with stents other than Wingspan, it is possible that low enrollment sites may have performed an equivalent number of stenting procedures utilizing coronary stents and only utilized Wingspan stents for more technically challenging cases, resulting in higher rates of periprocedural complications than high enrollment sites.
Nevertheless, our results suggest that adverse events after intracranial angioplasty and stenting may be associated with posterior circulation stenosis, low volume sites, stenting soon after a qualifying event, and stroke as the qualifying event. These factors will need to be monitored in future trials of intracranial stenting.
